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Abstract 
In this paper, we have derived and presented a new concept of multi electron-hole pair generation by using dark-bright soliton collision within 
the modified add/drop filter, which it is known as PANDA ring resonator. By using the dark-bright soliton conversion control, the obtained 
outputs of the dynamic states can be used to form the multi electron-hole pair, which can be available for communication security application. 
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1. Introduction 
Recently, Yupapin et al. [1] have shown that the large bandwidth light pulses can be generated and compressed optically 
within a micro ring resonator, and the use of such a proposed device in various applications has also been reported [2–3]. They 
have also reported the interesting results of light pulse, i.e. a soliton pulse propagating within a nonlinear micro ring device, 
where the transfer function of the output at resonant condition is derived and used. They found that the broad spectrum of light 
pulse can be transformed to the discrete pulses. The use of soliton, i.e. bright soliton in long distance communication link has 
been implemented for nearly two decades. However, the interesting work of using bright soliton in communications still remain, 
whereas the use of a soliton pulse within a micro ring resonator for communication security has been studied [4]. In this paper, a 
new concept of electron-hole pair generation using dark-bright soliton conversion control for single photon transistor 
manipulation is proposed. 
2. Principle Operation 
In Fig. 1, consists of add/drop optical multiplexing used for generated random binary coded light pulse and other is add/drop 
optical filter device for decoded binary code signal. The resonator output field, 1tE  and 1E  consists of the transmitted and 
circulated components within the add/drop optical multiplexing system, which can perform the driven force to 
photon/molecule/atom. 
The circulated roundtrip light fields of the right nanoring radii, rR , are given in Eqs. (1) and (2), respectively. 
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Thus, the output circulated light field, 0E , for the right nanoring is given by 
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Similarly, the output circulated light field, 0 LE , for the left nanoring at the left side of the add/drop optical multiplexing system is 
given by 
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where 3κ  is the intensity coupling coefficient, 3γ  is the fractional coupler intensity loss, α is the attenuation coefficient, 
2nk π λ=
 is the wave propagation number, λ  is the input wavelength light field and 2 2 LL Rπ= , LR  is the radius of left 
nanoring. 
From Eqs. (1)-(4), the circulated light fields, 1E , 3E  and 4E  are defined by given 
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Thus, from Eqs. (1)-(7), the output optical field of the through port ( 1tE ) is expressed by 
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The power output of the through port ( 1tP ) is written by 
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Similarly, the output optical field of the drop port ( 2tE ) is given by 
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The power output of the drop port ( 2tP ) is expressed by 
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3. Results and Discussion 
In simulation, the used parameters of the first add/drop filter (optical multiplexer, PANDA ring resonator) are fixed to be κ0 = 
0.15, κ1 = 0.35, κ2 = 0.7, and κ3 = 0.2 respectively. The ring radii are Rad = 3m, and Rr = Rl = 1.5m. Aeff are 0.50, 0.25 and 
0.25 μm2. The referencing multi electron-hole pair generation is generation as shown in Fig. 2(a) and 2(b), multi electron-hole 
pair generation detected by D1 is ‘eheheheheheheheheheheheheheheheheheheheheheheheh’and 
‘hehehehehehehehehehehehehehehehehehehehehehehehe’ manipulation. The multi electron-hole pair generation detected by D2 
is ‘eheheheheheheheheheheheheheheheheheheheheheheheh’ manipulation. In this work, the obtained pulse switching time of 
12.8ns is noted. In operation, the multi electron-hole pair generation can be retrieved in the form of dark-bright soliton 
conversion via the add/drop optical filter output port as shown in Fig. 3, whereas the manipulation of dark soliton conversion is 
‘ehe’, and the bright soliton is ‘heh’, which they are multi electron-hole pair generation relating to the referencing in Fig. 2. In 
Fig. 1, to perform the multi single photon switching, the add/drop filter is replaced by a beam splitter, and the attenuator is 
required and placed before the beam splitter. The bright soliton power is attenuated to reach the single photon power, while the 
dark soliton power is split by 50: 50 ratio and detected by the both photo detectors. The random single photon output can be seen 
by a photo detector D3 or D4, which is formed a state “e”. This results no photon is detected by D4 or D3, which is formed a 
state “h”, i.e. no photon (h). This means that the single photon switching is randomly formed. Moreover, the obtained switching 
photons can be referred to the referencing signals as shown in Fig. 4, where the output photo states can be confirmed.  
Fig. 1 Scheme of multi electron-hole pair generation. Dn: photodetectors, κn: coupling coefficients, ERef: referencing fields, En : 
electric fields, PBS: Polarized Beam splitter. 
Fig. 2 Multi electron-hole pair generation for referencing output signals, when RefE  passes through PBS at the drop port, where 
(a) detected by D1 and (b) detected by D2. 
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Fig. 3 Multi electron-hole pair generation, where (a) detected by D3 and (b) detected by D4 
4, Conclusion 
In conclusion, in order to obtain the required multi electron-hole pair generation, first we set the dark and bight soliton pulses 
to be ‘h’ and ‘e’, respectively. By using the dark-bright soliton pulse trains, the dark and bright solitons can be separated by using 
PBS, which can be used to set the referencing multi electron-hole pair generation, where finally, the required multi electron-hole 
pair generation can be relatively obtained to the referencing multi electron-hole pair generation via the add/drop filter output 
ports.  
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